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(57) A coloring matter absorbing a near-infrared ray which comprises a diimonium salt containing a sulfonimide i 
an anion moiety, represented by the general formula (1): 




d) 



O 
CD 
CM 

<fr 
CD 



Q. 
UJ 



wherein R may be the same or different and represents a moiety selected from the group consisting of an alkyi group, 
a halogenated alkyl group, a cyanoalkyl group, an aryl group, a hydroxyl group, a phenyl group, and a phenylalkylene 
group, and R 1 and R 2 may be the same or different and each represent a fiuoroalkyl group, or together form afluoro- 
alkylene group. 

The coloring matter absorbing a near-infrared ray is excellent in the resistance to heat and moisture, and thus 
exhibits an ability of absorbing a near-infrared ray not lowering for a long period of time. A filter for cutting off a near- 
infrared ray manufactured by using the coloring matter can be advantageously used for wide applications such as a 
plasma display panel, an optical lens, a glass for an automobile, and a glass for a building material, due to its excellent 
resistance to heat and moisture. 



Printed by Jouva, 75001 PARIS (FR) 



f 

I I t 



EP 1 564 260 A1 

Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a novel near-infrared light absorbing dye obtained from a diimonium salt 
compound which absorbs light in the near-infrared spectrum and displays excellent resistance to heat and moisture 
and to a near-infrared light blocking filter containing the near-infrared light absorbing dye. 

BACKGROUND ART 

10 

[0002] Recently, with the rise in demand for large and slim displays, plasma display panels (hereinafter abbreviated 
as "PDP") are becoming widely popular. 

[0003] Since near-infrared light emitted from a PDP causes electronic equipment that use near- infrared remote con- 
trols to malfunction, a filter using a near-infrared light absorbing dye to block infrared rays is necessary. 
15 [0004] Also, near-infrared light blocking filters are widely used in optical lenses, glass for automobiles and buildings, 
and the like. 

[0005] In these applications, the near-infrared light blocking filter Is required to effectively absorb light In the near- 
infrared spectrum, while allowing the transmission of visible light, and to possess high resistance to heat and moisture. 
[0006] Various near-infrared light blocking filters comprising a diimmonium salt compound have been proposed (Jap- 

20 anese Patent Application Laid-open No. 1 0-1 80922). 

[0007] This publication discloses various near-infrared light absorbing dyes of diimmonium salt. Of these, N.N.N'.N'- 
tetrakis{p-di(n-butyl)aminophenyl}-p-phenylene diimmonium salt which comprises bis(hexafluoroantimonate) as the 
anion moiety is commonly used due to the relatively excellent resistance to heat and moisture. 
[0008] However, resistance to heat and moisture of this near-infrared light absorbing dye is still inadequate. Specif- 

25 jcally, the dye possesses some problems. For example the dye is decomposed during use thereby decreasing absorb- 
ance of near-infrared light. An aminium salt generated from decomposition of the dye causes visible light to be absorbed 
thereby decreasing transmissivity of visible light and resulting in yellow coloration which degrades color tone. 
[0009] Furthermore, since this dye comprises a heavy metal as an anion moiety, use of a large quantity of this dye 
results in environmental pollution. 

30 [0010] A first object of the present invention is to provide a novel near-infrared light absorbing dye with excellent 
resistance to heat and moisture, wherein near-infrared light absorbance does not decrease when used for a long period 
of time. A second object of the present invention is to provide a near-infrared light blocking filter possessing excellent 
resistance to heat and moisture. 

35 DISCLOSURE OF THE INVENTION 

[0011] As a result of extensive research, the present inventors discovered that a near-infrared light absorbing dye 
with excellent resistance to heat and moisture can be obtained from a diimonium salt comprising a specific anion 
moiety, thereby completing the present invention. 
40 [0012] Particularly, the present invention provides a near-infrared light absorbing dye obtained from a diimonium salt 
comprising a sulfonimide represented by the following formula (1) as an anion moiety. 
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R 2 N NR 2 



20 [0013] In the formula, R individually represents an alkyl group, alkyl haiide, cyanoalkyl group, aryl group, hydroxyl 
group, phenyl group, orphenylalkylene group, and R 1 and R 2 individually represent a flu oroalky I group or combine to 
form a fluoroalkylene group. 

[0014] In the above near-infrared light absorbing dye, R 1 and R 2 in the formula (1 ) preferably individually represent 
a perfluoroalkyi group having 1-8 carbon atoms. 
25 [0015] In the above near-infrared light absorbing dye, the fluoroalkylene group formed from the combination of R 1 
and R 2 in the formula (1) is preferably a perfluoroalkylene group having 2-12 carbon atoms. 
[0016] The present invention further provides a near-infrared light blocking filter comprising the above near-infrared 
iight absorbing dye. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[001 7] FIG. 1 shows the transmissivity spectrum of the near-infrared light blocking filter obtained in Example 1 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

35 

[0018] The near-infrared light absorbing dye of the present invention is obtained from a diimonium salt comprising 
a sulfonimide represented by the above formula (1 ) as an anion moiety. The near-infrared light referred to in the present 
invention is light with a wavelength in the range of 760-2,000 nm. 

[0019] There are no limitations to the number of fluorine atoms or carbon atoms substituted inasmuch as R 1 and R 2 
40 jn the anion moiety shown by the formula (1) individually represent a fluoroalkyl group or combine to form a fluoro- 
alkylene group. R 1 and R 2 preferably individually represent a perfluoroalkyi group having 1-8 carbon atoms. As a 
preferable example of the anion moiety, an anion moiety represented by the following formula (3) can be given. 



C n F 2n+1 S0 2N 

C n , f r 2n , +lS0 2 

50 

[0020] In the formula, n and n' represent an integer from 1 to 8. 

[0021] n and n' preferably represent an integer from 1 to 4. As preferable specific examples, perfluoroalkanesulfonyl 
groups in which n and n' are the same such as bis(trifluoromethanesulfone)imide and bis(pentafluoroethanesulfone) 
imide; and perfluoroalkanesulfonyl groups in which n and n' are different such as pentafluoroethanesulfone trifluor- 
55 omethanesulfonimide, trifluoromethanesulfone heptafluoropropanesulf on imide, and nonafluorobutanesulfone trifluor- 
omethanesulfonimide can be given. Of these, perfluoroalkanesulfonyl groups in which n and n' are the same, wherein 
each of n and n' is either 1 or 2, such as bis(trifluoromethanesulfone)imide or bis (pentafluoroethanesulfone) imide are 
particularly preferable in view of near-infrared light absorbance. 
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[0022] Furthermore, a peril uoroalkylene group having 2-1 2 carbon atoms formed by the combination of R 1 and R 2 
can be given as another preferable example of R-, and R 2 in the anion moiety shown by the formula (1 ). As a preferable 
example of the anion moiety, an anion moiety represented by the following formula (4) can be given. 



10 



(CF 2 ) m 



2\ - 



(4) 



[0023] In the formula, m is an integer of 2-12. 

[0024] An anion moiety wherein m is preferably an integer of 2-8 and particularly preferably an integer of 3, such as 
1 ,3-disulfonylhexafluoropropyleneimide shown by the following formula (5) can be given. 



20 



y CF 2 — S0 2 



CF2 



(5) 



CF 2 — S0 2 



[0025] The perfluoroalkylene group having 2-12 carbon atoms is preferable due to increased heat resistance. 
[0026] in formula (1 ), R individually represents a substituent selected from the group comprising an alkyl group, alkyl 
25 halide, cyanoalkyl group, aryl group, hydroxyl group, phenyl group, and phenylalkylene group. 

[0027] There are no restrictions to the R as long as it is one of the above substituents. R is preferably a linear or 
branched alkyl group, alkyl halide s cyanoalkyl group or the like having 1 -8 carbon atoms, with a linear alkyl group having 
2-6 carbon atoms being particularly preferable. 

[0028] As particularly preferable specific examples ofR in the formula (1), an ethyl group, propyl group, butyl group, 
30 amyl group, isopropyl group, isobutyl group, isoamyl group, and the like can be given. 

[0029] Also, as another preferable example of R, a phenylalkylene group represented by the following formula (2) 
can be given. 



35 




[0030] In the formula, A represents a linear or branched alkylene group having 1-18 carbon atoms and B represents 

40 a substituted or unsubstituted benzene ring. 

[0031] In the phenylalkylene group of the formula (2), the alkylene group particularly preferably has 1-8 carbon atoms. 
[0032] Furthermore, the substituted or unsubstituted phenyl group of the phenylalkylene represented by the formula 
(2) may be substituted by at least one substituent selected from the group consisting of an alkyl group, hydroxyl group, 
sulfonic acid group, alkyl sulfonic acid group, nitro group, amino group, alkoxy group, alkyl halide, and halogen. An 

« unsubstituted phenyl group is preferable. 

[0033] As specific examples of the phenylalkylene group, a benzyl group, phenethyl group, phenylpropylene group, 
phenyl-a-methy!propylene group, phenyl-fi-methylpropylene group, phenylbutylene group, phenylpentylene group, 
phenyloctylene group, and the like can be given. 

[0034] The phenylalkylene group shown by the above formula (2) is used to improve heat resistance, however, the 

so use of a benzyl group or phenethyl group is even more preferable. 

[0035] Next, a method for preparing the near-infrared light absorbing dye of the present invention will be described. 
[0036] A silver sulfonimide acid derivative of the following formula (6) and a compound of the following formula (7) 
are reacted in an organic solvent such as N-methyl-2-pyrrolidone, dimethylformamide (hereinafter abbreviated as 
M DMP') I or acetonrtrile at 30-150°C. After separating the precipitated silver by filtration and adding a solvent such as 

55 water, ethyl acetate, or hexane, the resulting precipitate is filtered to obtain the near-infrared light absorbing dye of the 
present invention. 
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[0037] In the formula, R, R 1f and R 2 are the same as defined above. 

[0038] The dye obtained in this manner is combined with a suitable polymer resin and formed into the shape of a 
15 film or panel using a known method such as casting or melt extrusion to obtain the near-infrared light blocking filter of 
the present invention. 

[0039] In order to manufacture the near-infrared light blocking filter of the present invention by a casting method, the 
near-infrared light absorbing dye of the present invention is dissolved or dispersed in a solution in which a polymer 
resin and a solvent are dissolved and the resulting solution is applied to a transparent film of polyester, polycarbonate, 
20 or the like, a panel, or glass and dried to obtain a film. 

[0040] Any known transparent resin may be used as the above polymer resin, with resins such as acrylic resin, 
polyester resin, polycarbonate, urethane resin, cellulose resin, polyisocyanate, polyallylate, and epoxy resin being 
preferable. 

[0041] Also, even though there are no restrictions to the above solvent, an organic solvent such as methyl ethyl 
25 ketone, methyl isobutyl ketone, toluene, xylene, tetrahydrofuran, and 1 ,4-dioxane, or a mixture of these solvents may 
be used. 

[0042] On the other hand, when a melt extrusion method is used to manufacture the near-infrared light blocking filter 
of the present invention, the near-infrared light absorbing dye of the present invention is melted and mixed in the 
polymer resin and extruded in the shape of a panel. 
30 [0043] Any known transparent resin may be used as the above polymer resin, with resins such as acrylic resin, 
polyester resin, and polycarbonate being preferable. 

[0044] In manufacturing the near-infrared light blocking filter of the present invention, the near-infrared light absorbing 
dye may be used alone or, in order to improve the blocking performance of near-infrared lights near a wavelength of 
850 nm, may be used in combination with a known dye such as a phthalocyanine or a dithiol metal complex. Also, in 
35 order to improve lightfastness, ultraviolet absorption dyes such as benzophenone and benzotriazole may be added. 
Furthermore, when necessary, a conventional dye that absorbs visible light may be added in order to adjust the color 
tone. 

[0045] The near-infrared light transmissivity of the near-infrared light blocking filter of the present invention can be 
controlled by adjusting the mixed ratio of the near-infrared light absorbing dye of the present invention and the polymer 

40 resin. Although not specifically limited, the near-infrared light absorbing dye is preferably used in an amount in the 
range of 0.01 -30 wt% (hereinafter abbreviated as "%") for the total amount of the polymer resin. If the near-infrared 
light absorbing dye is used in an amount less than 0.01%, the near-infrared light blocking capability is unsatisfactory, 
and if more than 30%, transmissivity of visible light declines. The near-infrared light absorbing dye is particularly pref- 
erably used in an amount of 0.05-30% for the total amount of the polymer resin. 

45 [0046] The near-infrared light absorbing dye of the present invention as described above excels in resistance to heat 
and moisture, does not lose near-infrared light absorbance over a long period of time, and, due to the absence of heavy 
metals, does not adversely affect the environment. 

[0047] Furthermore, the near-infrared light blocking filter comprising the near-Infrared light absorbing dye of the 
present invention can be used in a wide variety of uses that require blocking of near-infrared light. As specific examples, 
so the near-infrared light blocking filter can be used in PDPs and glass for automobiles and buildings, and suitably used 
in PDP's. 

[0048] Furthermore, the near-infrared light absorbing dye of the present invention may also be used as a dye or 
quencher for optical recording media such as a CD-R or DVD-R. 



55 EXAMPLES 



[0049] The present invention will be described in more detail by way of Examples which should not be construed as 
limiting the present invention. In the examples, "wt%" is indicated as "%" and "parts by weight" is indicated as "parts". 
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Example 1 
[0050] 

s (1)10 parts of silver bis(trlfluoromethanesulfone)imidate and 11.8 parts of N,N,N\N'-tetrakis(p-dibutylaminophe- 

nyl)-p-phenylene diamine were added to 1 00 parts of DMF, the mixture was reacted at 60°C for three hours, and 
the silver produced from the reaction was separated by filtration. 

Next, 200 parts of water was added to the filtrate and the precipitate was separated by filtration and dried to 
obtain 15.7 parts of bis(trifluoromethanesulfone)imidate N.N^'.N'-tetrakisCp-dibutylaminophenylJ-p-phenylene di- 

10 immonium as a near-infrared light absorbing dye. This near-infrared light absorbing dye had a maximum absorption 

wavelength (hereinafter abbreviated as "Ajnax") of 1,074 nm and a molar absorption coefficient of 105,000 
[brnoM -cm- 1 ]. Differential thermal analysis confirmed that the near-infrared light absorbing dye had a melting point 
of 191° C and a decomposition point of 310°C. 

(2) Next, 2 parts of the near-infrared light absorbing dye was dissolved in a solution containing 6 parts of an acrylic 
15 lacquer resin (Thermolac LP-45M, registered trademark of Soken Chemical & Engineering Co., Ltd.), 25 parts of 

methylethyl ketone, and 1 3 parts of toluene. This solution was applied to a commercially available polymeth acrylic 
resin film (thickness: 50 \im) using a 200 u,m bar coater. The solution was dried at 1 00°C forthree minutes to obtain 
the near-infrared light blocking filter of the present invention. 

(3) The heat resistance of the filter maintained in an atmosphere at 80°C was examined and the percentage of 
20 the molar absorption coefficient after a predetermined period of time was calculated using the initial molar absorp- 
tion coefficient at a wavelength of 1,000 nm as 100% to determine the residual ratio of the near-infrared light 
absorbing dye. 

[0051] Next, transmissivity at a wavelength of 480 nm was measured after maintaining the filter in an atmosphere 
25 at 80°C for a predetermined period of time. The results are shown in Table 1 . 

[0052] The moisture resistance of the filter maintained in an atmosphere of 60°C and 95% RH was examined and 
the residual ratio and transmissivity of the near-infrared light absorbing dye at a wavelength of 480 nm was determined 
in the same manner as in the heat resistance examination. The results are shown in Table 2. 

30 Example 2 

[0053] Bis(trifluoromethanesulfone)imidate N,N,N l ,N , -tetrakis(p-dibutylaminophenyl)-p-phenylenediimmonium was 
obtained in the same manner as in Example 1 exceptfor using 12.6 parts of silver bis(pentafluoroethanesulfone)imidate 
instead of 1 0 parts of silver bis(trifluoromethanesulfone)imidate. This near-infrared light absorbing dye had a A/nax of 
35 1 ,074 nm and a molar absorption coefficient of 1 01 ,000 [LmoM-cmr 1 ], a melting point of 1 85° C, and a decomposition 
point of 301 °C. 

[0054] A near-infrared light blocking filter was manufactured and the heat and moisture resistance of the filter was 
examined in the same manner as in Example 1 . The results are shown in Tables 1 and 2. 

40 Comparative Example 

[0055] Bis(hexafluoroantimonate) N,N,N\N-tetrakis {p-di(n-butyl)aminophenyl}-p-phenylene diimmonium was ob- 
tained in the same manner as in Example 1 except for using 8.9 parts of silver hexafluoroantimonate instead of 10 
parts of silver bis(trifluoromethanesulfone)imidate. This near-infrared light absorbing dye had a fanax of 1 ,074 nm and 
45 a molar absorption coefficient of 1 01 ,000 [L-mol" 1 .cnr 1 ], a melting point of 1 85°C, and a decomposition point of 301 °C. 
[0056] A near-infrared light blocking filter was manufactured and the heat and moisture resistance of the filter was 
examined in the same manner as in Example 1 . The results are shown in Tables 1 and 2. 



Table 1 



Heat Resistance 


Period of time 


Dye residual ratio (%) 


480 nm transmissivity rate (%) 


Example 1 


Example 2 


Comparative 
Example 


Example 1 


Example 2 


Comparative 
Example 


Initial 


100 


100 


100 


77.6 


78.1 


76.1 


After 120 hours 


96.5 


95.8 


89.7 


77.2 


77.5 


75.6 
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Table 1 (continued) 
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Heat Resistance 


Period of time 


Dye residual ratio (%) 


480 nm transmissivity rate (%) 


Example 1 


Example 2 


Comparative 
Example 


Example 1 


Example 2 


Comparative 
Example 


After 240 hours 


94.4 


93.1 


85.6 


77.3 


76.1 


72.8 


After 500 hours 


92.7 


91.8 


81.2 


76.7 


75.B 


71.4 



Table 2 
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Moisture Resistance 


Period of time 


Dye residual ratio (%) 


480 nm transmissivity rate (%) 


Example 1 


Example 2 


Comparative 
Example 


Example 1 


Example 2 


Comparative 
Example 


Initial 


100 


100 


100 


76.7 


76.1 


76.7 


After 120 hours 


95.9 


94.8 


88.9 


75.0 


74.0 


70.3 


After 240 hours 


94.4 


92.9 


84.8 


74.5 


72.9 


68.4 


After 500 hours 


91.2 


89.8 


80.0 


73.5 


70.8 


65.4 



25 

[0057] The results show that the conventional near-infrared light absorbing dye of the comparative example pos- 
sesses low resistance to heat and moisture, decomposes overtime, and has a low absorbance index of near-Infrared 
light near a wavelength of 1 ,000 nm. Furthermore, an aminium salt compound and the like generated from decompo- 
sition absorbs visible light near a wavelength of 480 nm thereby causing transmissivity of visible light to degrade and 
30 results in yellow coloration which degrades color tone. 

[0058J In comparison, the near-infrared light blocking filters comprising the near-infrared light absorbing dyes ob- 
tained in Examples 1 and 2 possess excellent resistance to heat and moisture, only slightly degraded near-infrared 
light absorption performance, and coloration due to decomposition of the dye only with difficulty. 

35 Example 3 

[0059] 1 0 parts of N,N,N',N , -tetrakis(p-aminophenyl)-p-phenylenediamine, 55 parts of iodated benzyl as a substituent 
raw material, and 30 parts of potassium carbonate were added to 1 00 parts ofDMF solvent and the mixture was reacted 
at 120°C for ten hours while stirring. 
40 [0060] Next, 500 parts of water was added to the reaction solution and the precipitate was separated by filtration, 
washed with water, and dried at 100°C to obtain 23.1 parts of N.N.N'.N'-tetrakistp-dibenzylaminophenyO-p-phenylen- 
ediamine. 

[0061] 23.1 parts of the above reaction product and 32. parts of silver bis(trifluoromethanesulfone)imide as an anion 
raw material were added to 200 parts of DMF solvent, the solution was reacted at 60°C for three hours with stirring, 
45 and the produced silver was separated by filtration. 

[0062] Next, 200 parts of water was added to the obtained filtrate and the precipitate was separated by filtration, 
washed with water, and dried at 100°C to obtain 32.2 parts of the near-infrared light absorbing dye of the present 
invention. The dye obtained was bis{bis(trifluoromethanesulfone)imidate}N,N,N',N , -tetrakis(p-dibenzylaminophenyl)- 
p-phenylenediimmonium shown by the formula (1) wherein all R substftuents are benzyl groups. 

so 

Example 4 

[0063] The dye of the present invention, bisfbisttrifluoromethanesulfoneJimidateJN.N.N'.NMetrakisJp-diphenethyl- 
aminophenyl)-p-phenylenediimmonium, was obtained in the same manner as in Example 3 except for using 58.5 parts 
55 of iodated phenethyl as a substituent raw material. 
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Example 5 

[0064] The dye of the present invention, bis{bis(trifluoromethanesuIfone)imidate}N,N,N',N'-tetrakis {p-di(4-fluorinat- 
edjbenzylaminophenylj-p-phenylenediimmonium, was obtained in the same manner as in Example 3 except for using 
59.5 parts of iodated (4-fluorinated)benzyl as a substituent raw material. 

Example 6 

[0065] First, 3.5 parts of 1 ,3-disulfonhexafluoropropyleneimidate (manufactured by JEMCO Inc.) was dissolved in 
20 parts of water, 1 .4 part of silver oxide (I) was added, and the mixture was reacted and concentrated by drying to 
obtain 4.8 parts of silver 1 ,3-disulfonylhexafIuoropropyleneimidate. 

[0066] The near-infrared light absorbing dye of the present invention, bis(1 ,3-disulfonylhexafluoropropyleneimidate) 
N,N,N , ,N'-tetrakis(p-diphenethylaminophenyl)-p-phenylenediimmonium s was obtained in the same manner as in Ex- 
amples except for using 58 .5 parts of iodated phenethyl as a substituent raw material and 33.5 parts of silver 1 ,3-disul- 
fonylhexafluoropropyleneimidate as an anion raw material. 

Example 7 

[0067] The near-infrared light absorbing dye of the present invention, bis(1 ,3-disulfonylhexaf luoropropyleneimidate) 
N^.N'jN'-tetrakisfp-dibutylaminophenyO-p-phenylenediimmonium, was obtained in the same manner as in Example 
3 except for using 46.4 parts of iodated butyl as a substituent raw material and 33.5 parts of silver 1 ,3-disulfonylhex- 
af luoropropyleneimidate as an anion raw material. 

Example 8 

[0068] The Xmax and molar absorption coefficient of the near-infrared light absorbing dyes obtained in Examples 
3-7 were measured. The results are shown in Table 3. (The unit of molar absorptivity shown in Table 3 is [L-moMcnrr 1 ].) 
[0069] A near-infrared light blocking filter was manufactured and the heat and moisture resistance of the filter was 
examined in the same manner as in Example 1 . The results are shown in Tables 4 and 5. 



Table 3 



Property Value 


Example 


Near-infrared light absorbing dye 


Xmax 
(nm) 


Molar absorption coefficient 


3 


Bisfbis^rifluoromethanesulfoneJimidatej-N.N^'.N'-tetrakls 
(p-dibenzylaminophenyl)-p-phenylenediimmonium 


1059 


104000 


4 


BisfbisftrifluoromethanesulfoneJimidateJ-N.IM.N'.N'-tetrakis 
(p-diphenetylaminophenyl)-p-phenylenediimmonium 


1074 


104000 


5 


BisfbisJtrifluoromethanesulfoneJimidatel-N.N.N'.N'-tetrakis 

{p-di(4-fluorinated)benzylaminophenyl}-p- 

phenylenediimmonium 


1051 


103000 


6 


Bis(1 ^-disulfonylhexafluoropropyleneimidateJ-N.N.N'.N'- 
tetrakis (p-diphenethylaminophenyl)-p-phenylenediimmonium 


1073 


104000 


7 


Bis(1 ,3-disulfonylhexafluoropropyleneimidate)-N,N,N\N'- 
tetrakis (p-dibutylaminophenyl)-p-phenylenediimmonium 


1073 


104000 
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Table 4 
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Heat Resistance 


Period of time 


Dye residual ratio (%) 


480 nm transmissivity rate (%) 


Example 


Example 




3 


4 


5 


6 


7 


3 


4 


5 


6 


7 


Initial 


100 


100 


100 


100 


100 


77.2 


77.9 


77.2 


77.9 


77.3 


After 120 hours 


98.7 


99.2 


98.7 


99.1 


98.8 


76.8 


77.4 


76.9 


77.5 


76.8 


After 240 hours 


97.2 


98.0 


97.4 


98.2 


97.7 


75.8 


76.6 


76.0 


76.7 


75.7 


After 500 hours 


94.8 


96.0 


95.2 


96.3 


94.5 


75.3 


76.2 


75.5 


76.3 


75.2 
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Table 5 



Moisture Resistance 


Period of time 


Dye residual ratio (%) 


480 nm transmissivity rate (%) 


Example 


Example 




3 


4 


5 


6 


7 


3 


4 


5 


6 


7 


Initial 


100 


100 


100 


100 


100 


77.1 


77.9 


77.2 


77.9 


77.3 


After 120 hours 


98.6 


99.0 


98.5 


98.7 


98.4 


76.1 


77.4 


76.5 


77.4 


76.3 


After 240 hours 


96.6 


97.4 


96.5 


97.5 


96.5 


74.0 


76.2 


74.8 


76.5 


74.1 


After 500 hours 


92.9 


94. 8 


93.3 


95.1 


92.6 


73.1 


75.8 


73.8 


75.9 


72.9 



30 [0070] As shown in Tables 4 and 5, the near-infrared light blocking filters comprising the near-infrared light absorbing 
dyes obtained in Examples 3-7 possess excellent resistance to heat and moisture, only slightly degraded near-infrared 
light absorption performance, and coloration due to decomposition of the dye only with difficulty. 

INDUSTRIAL APPLICABILITY 

35 

[0071] The near-infrared light absorbing dye of the present invention excels in resistance to heat and moisture, does 
not lose near-infrared light absorbance over a long period of time, and, due to the absence of heavy metals, does not 
adversely affect the environment. 

[0072] The near-infrared light blocking filter comprising the near-infrared light absorbing dye of the present invention 
40 can be used in a wide variety of uses including PDP's and glass for automobiles and buildings, in particular PDP's. 
[0073] Furthermore, the near-infrared light absorbing dye of the present invention may also be used as a dye or 
quencher for conventional optical recording media such as a CD-R or DVD-R. 

« Claims 

1. A near-infrared light absorbing dye obtained from a diimonium salt comprising a sulfonimide represented by the 
following formula (1) as an anion moiety: 

so 

55 
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R 2 N NR 2 



wherein, R individually represent an alky! group, alkyl halide, cyanoalkyl group, aryl group, hydroxyl group, phenyl 
group, or phenylalkylene group, and R 1 and R 2 individually represent a fluoroalkyl group or combine to form a 
fluoroalkylene group. 

2. The near-infrared light absorbing dye of claim 1 , wherein R 1 and R 2 individually represent a perfluoroalkyl group 
having 1 -8 carbon atoms. 

3. The near-infrared light absorbing dye of claim 2, wherein R 1 and R 2 both represent a trifluoromethyl group or both 
represent a pentafluoroethyl group. 

4. The near-infrared light absorbing dye of claim 1 , wherein R 1 and R 2 combine to form a perfluoroalkylene group 
having 2-12 carbon atoms. 

5. The near-infrared light absorbing dye of claim 4, wherein R 1 and R 2 combine to form a hexafluoropropylene group. 

6. The near-infrared light absorbing dye of any one of claims 1 -5, wherein R represents a linear or branched alkyl 
group having 1 -8 carbon atoms, an alkyl halide, or a cyanoalkyl group. 

7. The near-infrared light absorbing dye of any one of claims 1-5, wherein R represents a phenylalkylene group of 
the following formula: 




wherein, A represents a linear or branched alkylene group having 1 -1 8 carbon atoms and B represents a substituted 
or unsubstituted benzene ring. 

8. The near-infrared light absorbing dye of claim 7, wherein R represents a benzyl group or phenethyl group. 

9. A near-infrared light blocking filter comprising the near-infrared light absorbing dye according to any one of claims 
1-8. 
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